SUMMARY Treponemapallidum (Nichols strain) was incubated with cultured nerve cells derived from rat embryos. Primary cultures were established from dorsal root ganglia, superior cervical ganglia, and spinal cord. Using phase contrast microscopy treponemes were seen to interact with the nerve cells in a similar manner to other cultured mammalian cells. Organisms began to attach within minutes after inoculation, actively motile organisms attached at the tip of one end, higher numbers of organisms attached with continued incubation, and attached organisms survived longer than unattached organisms. Tpallidum attached both to nerve cell bodies and to neuronal processes of each of the three nerve cell cultures. As shown by scanning electron microscopy the mechanism of attachment was identical to that of cultured cells derived from rabbits testis, rat skeletal muscle, and human cervical carcinoma. There was no indentation or swelling of the cultured cell surface at the point of attachment, just a close physical proximity of organisms and cells. These techniques provide a biological means of studying the in-vitro detrimental influences of micro-organisms on nerve tissue.
Introduction
Clinical manifestations of tertiary and congenital syphilis frequently result from treponemal damage to the central nervous system. Parenchymatous neurosyphilis is characterised by pronounced destruction of the cerebral cortex, dorsal nerve Scanning electron microscopy of the attachment of Treponema pallidum to nerve cells in vitro cell background. Cytosine arabinoside was then removed and culture medium replaced. These cultures were maintained for 4-6 weeks; medium was changed twice weekly.
Cultures of superior cervical ganglia were prepared from 21-day-old rat embryos. Conditions and laboratory manipulations were similar to those described above. The culture medium was additionally supplemented with 20 j4g/ml 7S nerve growth factor (Colla- larger diameter (100 Mm) than the other two nerve cell types (30 Mm). In these micrographs the organisms appeared to attach along their entire length. This was artifactual, however, as shown by phase contrast microscopy of actively motile treponemes. T pallidum attached only at its very tip. During fixation the organisms settled on to the cultured cell surface giving the appearance of full length attachment rather than tip attachment.
Besides attaching to the nerve cell body Tpallidum also attached to the neuritic processes that extend outward from the nerve cells. Fig 6 shows treponemes attached to a neuronal process emanating from a cell derived from superior cervical ganglia.
Organisms were attached along the full length of the process. Identical findings were observed with neuritic processes of cells derived from dorsal root ganglia and spinal cord.
In figs 3-6 nerve cells were incubated with treponemes for 45 minutes. With further incubation increased numbers of organisms attached to each of the three nerve cell types. within nerve fibres of lesion material' 2; in addition, some axon degeneration has been reported.3 In both tertiary and congenital syphilis nerve destruction is readily apparent. Clinical manifestations result from pronounced degeneration of the cerebral cortex, dorsal nerve roots, and spinal cord. The specific mechanisms of treponemal-mediated damage to nerve tissue are unknown. Tissue culture has provided a valuable means of elucidating some aspects of the pathogenesis and immunology of T pallidum.7 It has been suggested that attachment of treponemes to host tissues is a critical part of the disease process.4 6 The unique in-vitro system described in this paper should provide useful information about potential in-vivo influences of T pallidum on specific nerve tissues.
Our findings represent the first demonstration of the in-vitro interaction of bacteria with cultured nerve cells. T pallidum attached to nerve cell bodies and to neuritic extensions of cells derived from dorsal root ganglia, superior cervical ganglia, and spinal cord. This attachment is quite similar to that described for other cultured mammalian cells.4 5 with cultured cells derived from rabbits is comparable to the interaction with cultured cells derived from species that show minimal syphilitic infection such as rat, mouse, dog, monkey, and pig.6 13 14 It is likely that the basis for minimal infection in these animals is not attributed to innate differences within tissues. More probably, the lack of symptomatic infection reflects differences in either serum factors or in more effective humoral and cell-mediated immune responses.9 Thus, relevant insights into the pathogenesis of Tpallidum should result from these studies using nerve tissue derived from rats.
